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Engraulis japonicus migrates from Pacific coastal waters to the Seto Inland Sea during spring. 2 Levels of trace elements in fish otoliths, especially strontium, correlate with the ambient salinity of the habitat, making calcified tissue a type of indicator of ambient salinity. 3 Kimura et al . 4 found that the Sr : Ca ratio of bay anchovy Anchoa mitchill otolith was positively correlated with ambient salinity (the salinity range was 5-28 practical salinity unit [p.s.u.]), supporting the assumption that the Sr : Ca ratio is an indicator of ambient salinity. 5 Mitani 6 suggested that a suitable salinity range for Shirasu (Japanese anchovy larvae of 20-30 mm in total length) was 29-32 p.s.u. The salinity range for Japanese anchovy was narrower than that of bay anchovy. In the present paper, we report results from our preliminary investigation of trace elements in E. japonicus otoliths in relation to the ambient salinity, to determine whether or not anchovy otoliths are also indicators of salinity.
Samples were collected in Aki-nada by seine boat and in Osaka bay by angling. Sea surface salinities in Aki-nada were measured with a portable temperature and salinity meter (ACT20 system; Alec Electronics Co., Nishiku, Kobe, Japan). Sea surface salinity data in Osaka bay were averaged from three stations around the angling location (34 ∞ 30.2 ¢ N ~ 34 ∞ 36.0 ¢ N, 135 ∞ 17.0 ¢ E ~ 135 ∞ 19.9 ¢ E, monitored by Osaka Prefectural Fisheries Experimental Station).
The 296 anchovies collected in Aki-nada were reared in a 10-ton tank (5 m ¥ 2 m ¥ 1 m) with fresh seawater overflowing at an exchange rate of 10.8 times per day at the National Research Institute of Fisheries and Environment of Inland Sea. Water temperature was kept under natural conditions. Anchovies were fed over 2.5% of their body weight per day with 'Ayu-dry' pellets according to the method by Tsuruta. 7 The information on the examined specimens for PIXE analysis is summarized in Table 1 .
Otoliths were extracted and preserved dry. After using an ultrasonic cleaner with 99.5% ethanol for 2 min, the trace elements on the surface of the proximal side of an intact otolith were analyzed with PIXE (particle-induced X-ray emission). For PIXE analysis, the beam was focused on the otolith surface, including the most recent record for the individual. A 2.0 MeV proton beam was collimated to 2.0 mm ¥ 2.0 mm. A 50-m m aluminum foil sheet was placed in front of an Si (Li) detector to attenuate CaK a and CaK b . The beam current and charge were 58 nA and 20 m C in vacuum conditions, respectively. The spectra obtained by PIXE analysis were fitted with Gaussian functions using the computer program BATTY in PIXAN. 8 A NIST (National Institute of Standard and Technology, US Department of Commerce) argillaceous limestone was also analyzed by PIXE as a standard material. The X-ray peak intensity was converted into concentration with the aid of theoretical X-ray yields calculated by the computer program THICK in PIXAN and the conversion factor estimated from the NIST standard. 9 This calculation was based on the assumption that the otolith matrix is almost pure aragonite (Ca concentration: 40%). The concentra- tion of trace elements in the otoliths was calculated based on the ratio of X-ray intensity of calcium to that of each trace element examined (e.g. Sr : Ca ratio for strontium concentration). Figure 1 shows a typical X-ray spectrum of an E. japonicus otolith analyzed by PIXE. Calcium (Ca) was the main component, but several minerals including chromium (Cr), manganese (Mn), iron (Fe), copper (Cu), zinc (Zn) and strontium (Sr) were also detected. The concentration of the trace elements and the number of E. japonicus otoliths in which each element was detected were as fol Figure 2 shows the relationship between the Sr : Ca ratio in E. japonicus otoliths and ambient salinity. Although the salinity range for Japanese anchovy was narrower than that of the bay anchovy, there is a positive correlation between the Sr : Ca ratio in E. japonicus otoliths (Sr/Ca) and ambient salinity ( Sal ) (Sr/Ca ¥ 1000 = 0.0396 Sal 1,1667 r 2 = 0.8178, P < 0.035). However, there is no correlation between the Sr : Ca ratio and ambient temperature. A positive relationship between the Sr : Ca ratio in otoliths and the ambient salinity has been observed in other fish species, 5 suggesting that the Sr : Ca ratio in otoliths is an indicator of ambient salinity. Our observations therefore suggest a similar prospect for Japanese anchovy otoliths.
